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Abstract. We present a brief description of a model for the broad emission line
region (BELR) in quasars, which is supported by analysis of CIV and other emission
lines in the spectra of high-z SDSS quasars. Specifically we consider a two-component
BELR with a disk and wind where the relative strength of each component is a func-
tion of luminosity. The implications of such a model for our understanding of quasar
outflows and estimates of their black hole masses and accretion rates are discussed.
1. A Modern Picture of the Broad Emission Line Region
We argue that emission lines are, in some ways, better diagnostics of AGN winds than
absorption lines because they allow us to learn something about winds in every object
and not just the fraction that show intrinsic absorption. As such, we start with a picture
of the broad emission line region (BELR) and explain how this picture is relevant to the
question of AGN winds
In this model, one source of BELR gas is the (possibly warped) outer accretion
disk, which is illuminated by the central engine/inner accretion disk (Collin-Souffrin et al.
1988). At low luminosity, this component is the dominant source of BEL photons in
AGNs. The atmosphere of the accretion disk in these sources is permeated by an MHD
wind (e.g., Ko¨nigl 2006). In more luminous quasars with relatively softer spectral en-
ergy distributions (SEDs) a strong radiation line driven wind forms in the UV emitting
part of the accretion disk and dominates the MHD wind (Proga 2003). Such a wind
forms when there are enough UV photons to push on the atoms (through line transi-
tions) in the atmosphere of the disk, while, at the same time, there are few enough ioniz-
ing photons that those same atoms are not over-ionized (Murray et al. 1995; Proga et al.
2000). This (radiation line-driven) wind region is the other source of BEL gas and is
dominated by high-ionization line transitions. Because of filtering through the wind
(Leighly 2004; Leighly & Casebeer 2007), the disk sees a different continuum than the
wind (and possibly different from what we see) and the strength of the disk component
is inversely related to the strength of the wind component.
In this picture, the fundamental observed parameter is the SED—nearly all of the
diversity in quasar spectra comes from differences in the SED, which, in turn, causes
differences in the emission lines due to the changing ratio of the wind to disk component
of the BELR. In short, the harder the SED, the less radiation line driving dominates and
the stronger the disk component of the BELR. Mass and accretion rate are assumed to
be degenerate with the SED; the SED serves a surrogate for these more fundamental
parameters. Indeed it may be that most other parameters are also degenerate. For
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example, covering fraction clearly produces differences in individual objects, but the
global covering fraction may be degenerate with the SED in the sense that objects with
certain SEDs are going to drive certain winds that yield certain covering fractions.
By way of summary, in this picture the answer to the question of the origin of the
∼20% BALQSO fraction (e.g., Hewett & Foltz 2003) is as follows. Objects with rel-
atively hard SEDs (such as radio-loud quasars and Seyferts) are not able to produce a
strong radiation line-driven wind. The weaker the line driven wind, the less likely BAL
outflows are to be present (along any line of sight). On the other hand, objects with rela-
tively soft SEDs are the parent sample of BALQSOs (whether we see the troughs along
our line of sight or not). Despite heavy absorption in CIV, the true nature of BALQSOs
are revealed by their CIII] emission-line profiles (Reichard et al. 2003; Richards 2006).
LoBALs are those objects with the strongest radiation line-driven winds; they are the
most luminous and have the bluest optical continua (despite heavy dust reddening).
Surprisingly, orientation seems to matter relatively little for explaining differences
in UV BEL properties. For example, our claim to have identified the parent sample
of BALQSOs is essentially equivalent to saying that orientation must not completely
obscure the underlying nature of the BELR in quasars with strong line driven winds
(Richards et al. 2011). Furthermore, we have shown that 1) the (orientation-dependent)
morphological radio properties of quasars have no preference for SED/emission line
properties of one type and 2) that it is possible to construct a sample of radio-quiet
quasars that are indistinguishable from radio-loud quasars in terms their BELR prop-
erties, further supporting the hypothesis that orientation is not a significant cause of
diversity in quasar classes (which is not the same as saying that it doesn’t matter for
individual objects) (Richards et al. 2011).
One might ask why/how quasars might have a range of wind structures and SEDs.
A better question would be why would two quasars with different masses and accretion
rates NOT have different SEDs and thus different wind structures (and BEL properties).
Indeed the burden of proof falls squarely upon the static model of quasars.
2. Evidence for this Model
Evidence for this model of the BELR and its connection to winds comes from a long
history of investigation into the so-called “Eigenvector 1 (EV1)” relationships (e.g.,
Boroson & Green 1992; Brotherton & Francis 1999; Sulentic et al. 2000) at low-redshift,
coupled with two key parameters that can be used to distinguish quasar extrema at high
redshift.
The first of those parameters is the so-called Baldwin Effect (Baldwin 1977),
whereby more luminous quasars are seen to have weaker CIV emission (in term of
equivalent width [EQW]). The second parameter is the blueshifting of the CIV emis-
sion line (relative to the expected laboratory wavelength) as first noted nearly 30 years
ago (Gaskell 1982). In Richards et al. (2002) and Richards et al. (2011) we have shown
that these blueshifts are not anomalies, but rather are nearly ubiquitous in the quasar
population.
In Figure 1 we show the joint distribution of CIV EQW and blueshift, thus com-
bining the two parameters above. We see that the average radio-quiet quasar has a
CIV emission line with a rather large blueshift (nearly 1000 km s−1) and that radio-loud
quasars span only part of the space that RQ quasars do (in the top-left corner). On the
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other hand, BALQSOs (both with troughs observed and expected along other lines of
sight) tend towards the lower right-hand corner (Richards et al. 2011).
Figure 1. CIV EQW vs. CIV blueshift for ∼30k SDSS quasars. Radio-quiet (RQ)
quasars are shown as black contours/ dots, while radio-loud (RL) quasars are shown
as grey contours/dots. The dashed lines indicate the mode of the RQ quasar distri-
bution. This plot is similar to Figure 7 in Richards et al. (2011), except that the CIV
EQW values have been corrected for intrinsic narrow absorption (Bowler, Allen, &
Hewett, in preparation). The systemic redshifts for the emission lines were taken
from Hewett & Wild (2010). While RL (and hard-spectrum RQ) quasars are biased
towards the top-left in this distribution, soft-spectrum BALQSOs are biased towards
the bottom-right. It is suggested that, while all quasars have outflows of some sort,
this diagram enables the identification of those quasars with outflows that are domi-
nated by radiation line driving.
We have argued (Richards et al. 2011; Kruczek et al. 2011) that the trend seen in
Figure 1 is due to differences in the SED across this dual CIV parameter space. This
is best seen by exploring the full range of emission line differences as a function of
composites in the extremes of this distribution as shown in Figure 2. The quasars in
the top-left of Figure 1 show evidence for a relatively hard SED and a strong disk com-
ponent of the BELR, while the quasars in the bottom-right of Figure 1 show evidence
for a relatively soft SED and a strong wind component of the BELR (Kruczek et al.
2011). Further supporting evidence comes from connecting this work at high-redshift
to EV1 parameters at low-redshift (e.g., Sulentic et al. 2007). Importantly, the unseen
EUV continuum may play an important role in determining the relative strength of the
wind and disk components of the BELR. The EUV region is a long-standing problem
in understanding the BELR (e.g., Netzer & Davidson 1979); our contribution is merely
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to point out that excess EUV flux is not needed in all objects—just to explain those that
have disk-dominated BELRs.
Figure 2. Composite spectra illustrating the extrema of UV emission lines
in “disk-dominated” (top) and “wind-dominated” (bottom) quasars. The disk-
dominated objects have strong SiIV, CIV, and CIII], with relatively weak AlIII]. The
very strong HeII emission is a telltale signature of a significant contribution to the
continuum at ∼ 50 eV. In the wind-dominated objects, blueshifted OIV] replaces
SiIV (Leighly & Moore 2004), obscuring the Baldwin Effect in that line. CIV is
both weaker and blueshifted. The relative lack of HeII indicates a relative lack of
∼ 50 eV flux as compared to the disk-dominated objects. Finally, CIII] is weaker,
while AlIII has increased in strength, which is expected if this line complex acts as
an SED indicator (Casebeer et al. 2006). Overall, the changes in the line features be-
tween these extrema are broadly consistent with the notion that the disk-dominated
sources are “hard-spectrum” and the wind-dominates sources are “soft-spectrum”;
much of the difference may be in the unseen EUV continuum (Netzer & Davidson
1979; Korista et al. 1997).
3. Implications for Bolometric Luminosities and Black Hole Masses
This model suggests that there is a range of SEDs for luminous, type 1 quasars and
not a single, universal SED. The lack of a universal SED has obvious implications for
correcting monochromatic luminosities to bolometric luminosities. Instead of simply
considering a universal SED, it is important to chose an SED that is consistent with the
line emission from each object. We suggest that this will cause traditional bolometric
corrections to be underestimated for objects that we classify as “hard-spectrum” sources
and overestimated for objects that we classify as “soft-spectrum” sources (Krawczyk et
al. 2012, in preparation). These adjustments to the bolometric correction will be small
on average, but are systematic and could be important when investigating the differ-
ences in Eddington ratios between extreme objects (e.g., RL quasars vs. BALQSOs).
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In terms of black hole masses, this work introduces two areas of concern. First, as
shown by Richards et al. (2011), the small sample of quasars which have detailed rever-
beration mapping and form the backbone of the scaling relations used to estimate black
hole masses for all other quasars are biased towards what we refer to as hard-spectrum,
disk-dominated sources. Thus it is important to determine whether scaling relations
derived from those objects are fully applicable to soft-spectrum, wind-dominated ob-
jects. However, a reverberation mapping campaign of such objects may be prohibitive
if evolutionary trends make them more scarce in the present day.
Second, the aforementioned coupling between the disk and the wind could be
important for the use of luminosity as a surrogate for radius in black hole mass scal-
ing relations. Namely, two objects with the same monochromatic luminosity, but very
different wind structures, may have disk components of the BELR that are different—
including different characteristic radii. Once again, this argues for the importance of
reverberation mapping of apparently wind-dominated quasars.
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